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Description 

When synthetic polymers of water soluble monomers or monomer blends were first introduced as f locculants, in the 
early to mid-1950's, maximum molecular weights were relatively low compared to the present day. The initial polymers 

5 typically had molecular weights well below 500,000 and thus were of a value comparable to the molecular weight now 
associated with coagulants, rather than high molecular weight f locculants. These low molecular weights were probably 
caused by the presence of chain transfer agents and other impurities in the monomer or polymerisation mixture. 

It was recognised that the polymers had to be in solution and if the polymers were not, despite their low molecular 
weight, spontaneously soluble in water (for instance due to excessive cross linking) it was appreciated to be necessary 

io to homogenise them so as to put them into solution. For instance Miller described in U.S. 3,021,269 ultrasonic degra- 
dation of a highly cross linked insoluble polymer gel "having almost infinite molecular weight" to render it water soluble 
as a result of severing the polymeric structure. The end products were always of relatively low molecular weight and the 
highest quoted molecular weight for the end product is 630,000 and the highest intrinsic viscosity (IV) 2.54 dl/g. 

Similarly, Goren described in a 1954 patent application (published as U.S. 3,235,490) dispersing various polymer 

15 gels into water using a Waring Blendor. Many of the gels were cross linked spontaneously or by the addition of cross 
linking agent and the cross linking appears to have caused the formation of some wholly insoluble, non-swellable, pol- 
ymer that settled out of solution. Solutions of the polymers were also subjected to homogenisation in a hand homoge- 
niser and it was observed that the effect on agglomeration performance of this homogenisation is drastic, with most of 
the products being useless after homogenisation. Again, all the polymers were of very low molecular weight as is indi- 

20 cated by the fact that the highest specific viscosity (measured by a capilliary flow viscometer at 34°C on a 0.5% solution 
in deionised water) is quoted as 0.77. This compares to values of well over 100, and usually over 1000, for modem high 
molecular weight f locculants. 

Some polymers having molecular weights typical ot those described by Miiier and Goren can be used as coagu- 
lants, for instance for coagulating very fine suspended solids, e.g., for dearing turbidity or removing colour from aqueous 

25 solutions. For instance typical modern polymer coagulants have a molecular weight of up to about 500,000. Typical pol- 
ymer coagulants may be formed by reaction of epichlorhydrin with dimethylamine. Since the resultant linear product 
may have extremely low molecular weight it is known to include ethylene diamine in order to increase molecular weight 
by cross linking without rendering the polymer insoluble. 

Goren postulated that agglomeration involved electrostatic attraction followed by a sweeping action of a filamentary 

30 network of the cross linked polymer. This mechanism has come to be recognised as the classical mechanism of coag- 
ulating turbidity and colour, namely very fine suspended solids. Goren made his polymer by bulk polymerisaton followed 
by comminution and showed that his aqueous compositions tended to be non-homogeneous, in that there was a ten- 
dency for insoluble polymer to precipitate from the solution. Goren warned against cross linking too much and indicated 
that the optimum was the level at which the polymer is still readily dispersible in water. Since Goren was postulating a 

35 sweeping action by filamentary molecular networks this indicates that his dispersibility had to be on a molecular scale, 
i.e., true solution. Goren warned that the agglomerating effect of the polymer can be destroyed by homogenising it (col- 
umn 13 line 74). 

In contrast to these low molecular weight polymer coagulants, modem f locculants (for flocculating suspended sol- 
ids such as sewage) are linear polymers of very high molecular weight. Most have an intrinsic viscosity above 4 and 
40 often above 10. The polymers have to be linear since cross linking renders them ineffective and often insoluble, 
although trivial amounts of cross linking may exist without detracting from the polymer properties (see for instance U.S. 
3,557,061 column 3 line 35). 

Whether or not a high molecular weight polymer is suitable for use as a f locculant is determined in part by observ- 
ing the rheology of aqueous compositions of the polymer. Satisfactory polymers give a "long" or "stringy" rheology. This 

45 is recognised in the art and can be demonstrated in that when a 1% stable homogeneous composition of the polymer 
in deionised water is formed by conventional techniques, such as by stirring using a slowly rotating stirrer followed by 

app.np and a pia<;<; rod is manually nulled endwise out of the solution the rod draws a long thread of composition with 

it The thread is generally at least 5 cm long and the polymer can then be described as having a rheology of 5 cm. Often 
the rheology is above 10 cm. If, in contrast to this, the polymer gives a "short" or "granular" rheology (i.e., in the above 

so test the rod pulls substantially no thread, for instance below 5 cm and often below 2 cm, of composition) the polymer 
will be rejected and will not be used as a flocculant. Experience has shown that polymers giving this short rheology are 
unsatisfactory in conventional flocculation processes since it indicates a high degree of cross-linking and/or a low 
molecular weight. The short polymers can also be characterised as non-film forming, in that when an aqueous compo- 
sition is dried it does not form a film. 

55 Similarly the polymer is rejected if it has a large particle size and is cross linked sufficient to ensure that insoluble 
solid polymer does not go into stable suspension in the aqueous composition. 

The stable homogeneous composition is stable in the sense that the polymer is in full equilibrium with the water, 
i.e., it has reached its ultimate degree of solution or swelling, for instance as a result of ageing for two hours or more. It 
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is homogeneous in the sense that the polymer remains unrformly dispersed throughout the composition (usually in the 
total absence of dispersing agent although minor amounts may be present as a result of the manufacture of the poly- 
mer) with no tendency for material to precipitate from the composition on standing for a few days. 

The unsuitability as flocculants of short rheology polymers (as defined above), and of polymers that do not go into 
5 stable suspension or solution are well understood in the art Very high molecular weight, linear, truly dissolved polymers 
are preferred. 

Certain high molecular weight polymers, for instance polymers of Mannich bases, have a tendency to cross link 
spontaneously and acquire a rather short or very short rheology or become totally insoluble. It frequently happens that 
high molecular weight polymers are produced which have rheology that is shorter than is desirable. Polymers of very 
w short rheology (below 2 cm), or that are insoluble, are rejected. Polymers with longer, but still rather poor, rheology may 
be used under the same conditions as if they had the desired long rheology but this leads to poor performance proper- 
ties. 

In GB 1 ,579,007 rt is alleged that high molecular weight cationic flocculants give optimum performance when the 
polymers have a cationicity value of at least 90% of the theoretical cationicity value. 
is Flocculant polymers may be made by reverse phase suspension or emulsion polymerisation to a very small particle 
size. Before use, the resultant emulsion is added to water, generally in the presence of oil-in-water emulsifying agent 
and usually with stirring, and allowed to form a true solution before use. Thus the system is always allowed to go to equi- 
librium (i.e.. a stable homogeneous composition), often shown by attainment of maximum viscosity, before it is added 
to the suspension. 

20 The linear, high molecular weight flocculant polymers are used by forming, with ageing, a true aqueous solution of 
the polymer and dosing this with minimum agitation into the suspension, followed by dewatering of the suspension. 
Optimum results require accurate dosing and the minimum of agitation during flocculation. If the dose is too low or too 
high flocculation is inferior. The optimum dose depends upon the content ot the suspension and so variations in ii, tut 
instance variations in the metal content of industrial sewage effluent, can greatly affect performance. The floes are very 

25 sensitive to shear and agitation, especially if the dosage is not at an optimum, is likely to redisperse the solids as dis- 
crete solids. This is a particular problem when the flocculated solids are to be dewatered under shear, tor instance on 
a centrifuge, because if dosage and other conditions are not optimum the centrate is likely to have a high discrete solids 
content. 

It would be desirable to provide a flocculation process in which the dosage of flocculant is less dose sensitive and 

30 the floes are more stable to shear than with conventional dissolved high molecular weight flocculant polymers. 

In the invention an aqueous suspension of suspended solids is flocculated by adding a synthetic ionic polymeric 
material to form an aqueous medium containing flocculated solids and the process is characterised in that the synthetic 
polymeric material has intrinsic viscosity above 4 dl/g and is added to the aqueous suspension while the polymeric 
material is in the form of a dilute aqueous composition in which the polymeric material is in full equilibrium with the water 

35 and has a specific viscosity above 10 (generally above 100), and comprises crosslinked, water swellable, water insolu- 
ble polymeric particles formed by reverse phase polymerisation of a monomer or monomer blend that is soluble in water 
and wherein the particles have a dry size of below 10 \im, the polymeric material is added in a floe stabilising amount, 
and the flocculated solids are subjected to shear in the presence of the aqueous medium substantially without increas- 
ing the amount of discrete suspended solids in the aqueous medium. 

40 Thus the invention is based on the discovery that the shear stability of the floes can be increased by initiating, and 
usually completing, flocculation while some or all of the polymeric material is in the form of small particles rather than 
a true solution. For optimum flocculation the dosage of the polymer should usually be greater than the optimum amount 
used with fully dissolved polymers but the process is not so dose sensitive as with fully dissolved polymers. 

The polymeric material should comprise particulate insoluble polymer. This may be insoluble due to the inclusion 

45 of a controlled degree of non-linearity in an otherwise soluble polymer. Commercially the invention is best performed by 
making reproducibly a polymeric material having a controlled degree of non-linearity, this is used to flocculate an aque- 

- J? pn-^;™ ™* thir ic then ci iKi or4aH tr, choar w ithn. .t cnhstantial ryjisoersion of the solids t o become discrete 

suspended solids. This is in contrast to previous experience where non-linearity may have occurred by accident and the 
polymer was then either rejected as being useless or was used in either a conventional low shear process or was used 

so in an inadequate amount in a high shear process, with consequential redispersion of solids. 

The shear to which the flocculated solids are subjected may be applied only during dewatering of the solids but 
preferably the flocculated solids are subjected to shear by shearing the aqueous medium containing them. For instance 
instead of mixing the aqueous flocculant into the suspension in conventional gentle manner, with little or no agitation of 
the floes, in the invention the aqueous medium is preferably sheared by stirring sufficient to reduce floe size. This is par- 

55 ticularty desirable when the aqueous suspension is viscous, eg, it has a solids content above 3% by weight for primary 
or digested sludges or about 1.5% for activated sludges. At these high solids contents the floes are likely to be very 
large, for instance above 5cm (and often the solids may go into a substantially continuous floe) and the shear is prefer- 
ably such as to break this large floe structure down into floes typically having a size in the range 2 to 20 mrn. Because 
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of the particulate nature of the polymer, and appropriate choice of the amount of particulate polymer, this floe break- 
down occurs without the amount of discrete suspended solids in the aqueous medium increasing substantially, or pref- 
erably at all, compared to the amount that is present if the suspension is not sheared. 

After shearing, the medium may be dewatered. Dewatering may be by sedimentation or by drainage or vacuum fil- 
tration but a particular advantage of the invention is that the floe structure can be very effectively dewatered under 
shear, and in particular on a centrifuge, piston press or belt press, to give very high recovery of solids, and very low sus- 
pended solids in the filtrate. 

Dewatering of flocculated solids can be conducted, especially at relatively low solids concentrations, under shear, 
e.g., on a centrifuge, even if the flocculated aqueous medium is not first subjected to shear, but generally less effective 
dewatering is obtained. 

The improved floe structure obtainable in the invention, compared to the use of conventional dissolved flocculants, 
permits dewatering to an increased solids content, thereby for instance reducing the amount of energy required for 
incinerating a sewage filter cake. The increased floe strength however is valuable in various other processes. 

The floes obtained in the process (preferably using insoluble polymer) can be continuously kept in suspension by 
agitation of the aqueous medium without any substantial increase in the discrete suspended solids in the aqueous 
medium. For instance the polymeric material (usually as a stable homogeneous aqueous composition) may be added 
(optionally with applied shear) to an aqueous suspension whilst it is being agitated and this agitation may provide shear 
and may keep the resultant sheared flocculated solids in suspension. The continuous agitation may be continued for 
several hours and usually for at least a day or several days, without substantial floe breakdown. This is of value, espe- 
cially when using anionic flocculants, for transporting inorganic or other solids in a fluid medium, for instance by pipeline 
or in any process in which agitation is applied for prolonged periods, e.g., in chemical or biochemical reactors. 

The process is of particular value when the aqueous medium is a chemical reaction medium and the solids are a 



iy.y found thst s stirred or otherwise agitated reactor can be operated 



for prolonged periods with the catalyst in the form of floes. This facilitates the separation of the aqueous medium from 
the catalyst, for instance as the medium is withdrawn continuously or batchwise from the reactor. This process is of par- 
ticular value in the catalytic hydrolysis of a nitrile to form an amide, for instance when the aqueous medium is an acry- 
lonitrile hydrolysis reaction medium to form acrylamide. The catalyst is preferably a copper catalyst, for instance of 
reduced copper oxide or, preferably, Raney copper. 

Another process where the shear resistance of the floes is desirable is in the formation of paper and paper products 
such as board, since the processes of the invention permit improved dewatering of cellulosic and other suspensions. In 
conventional paper production it is generally necessary to minimise the amount of shear to which the floes are sub- 
jected and so in practice the flocculant is added at the end of the pulp flow line, as late as possible before the drainage 
or other dewatering stage. In the invention however it is possible, and frequently desirable, to add the flocculant (pref- 
erably an insoluble polymer) at an early stage in the pulp flow line so that the act of pumping the flocculated dispersion 
along the flow line towards the drainage or other dewatering stage involves the application of shear to the flocculated 
pulp, and this shear converts the floes to medium or small size floes substantially free of undesirable fines. A preferred 
process of the invention therefore comprises flocculating a cellulosic suspension by addition of the polymeric material, 
usually as a stable homogeneous aqueous composition and pumping the flocculated suspension along a flow line with 
sufficient shear to break down the floes to smaller, shear stable, floes and then dewatering the suspension by drainage 
or other suitable means. This process is of particular value when cationic starch is also added to the dispersion since 
the overall process then gives an exceedingly good combination of paper strength and retention and dewatering prop- 
erties. For this process the flocculant polymer is preferably an anionic polyacrylamide. Synergism appears to exist. 

Another advantage of the invention is that the process is much less dose sensitive than when using truly dissolved 
flocculants and so there is much less risk of obtaining inferior performance due to under-dosing or over-dosing. Even 
after shearing the suspension it is usually possibly to obtain floe size that is much greater than is obtainable using con- 
ventional dissolved flocculants. Because, at the optimum dose, the floe size is much greater than is available conven- 
tionally this means that the dose can be varied above or below the optimum whilst still obtaining improved results 



compared to those obtamaDie conventional 

Although the invention can be used for flocculating a wide variety of aqueous inorganic suspensions and aqueous 
organic suspension, especially sewage, it is of particular value in the centrifugal dewatering of municipal sewage that 
includes a significant industrial component, especially that includes variable amounts of metal. Best results are gener- 
ally obtained when the flocculated aqueous medium is vigorously stirred, so as to apply shear to the flocculated solids, 
before entering the bowl of the centrifuge. 

The polymeric material can be dosed into the suspension in the form of a dilute aqueous composition, typically hav- 
ing a concentration of 0.01 to 3%, generally 0.05 to 1%. It should preferably be a microdispersion. By this we mean that 
if a layer of this composition is allowed to dry microscopic examination readily identifies discrete polymeric particles, 
optionally interconnected by a film of water soluble polymer. Often the composition does not form a film. The polymer 
particles must be below 10 dry size, preferably below 2 ^m, but preferably swell, e.g., to at least twice their dry diam- 
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eter, and often at least 5 times their dry diameter, in water. 

In order that the particles have the desired small size they are best prepared by emulsion or reverse phase polym- 
erisation. 

Although we believe it to be essential to include non-dissolved particles it appears that dissolved polymeric material 
5 may also contribute to the invention and so the polymeric material that is added to the suspension may include also dis- 
solved linear polymer. When the potymer particles are cross linked it is generally preferred to provide this as a soluble 
component of the cross linked particles, so that upon dispersing the particles in the aqueous composition the particles 
swell and the soluWe component dissolves into the composition. However it is also possible either to blend a dissolved 
polymer with a particulate (generally insoluble) polymer in the aqueous composition or to add these polymers sequen- 
10 tially to the aqueous suspension, the dissolved polymer generally being added first. When the mixture of dissolved and 
particulate polymers is made by blending polymers the chosen polymers are usually co-ionic or one or both may be 
non-ionic, or they may be counter ionic. Usually the polymers are made from the same monomers, and often differ only 
in the degree of cross linking. 

The amount of dissolved polymer is usually from 0 to 50%, preferably up to 20%, preferably at least 1 0%, by weight 
is total polymer, the balance being particulate. 

The particles are formed of a monomer or monomer blend that is soluble in the aqueous composition and the par- 
ticles are cross linked sufficient that they are insoluble in but swollen by the aqueous composition. This cross linking 
may be brought about by controlled spontaneous conditions such as heating or irradiation, provided the degree of cross 
linking is reproducible and controllable, but preferably is brought about by reaction of the monomer or monomer blend, 
20 or the final polymer, with a covalent or ionic cross linking agent. 

The way of making the aqueous composition is by mixing into water particles of polymeric material having dry size 
below 10, and most preferably below 2, urn and which have been made by reverse phase emulsion or suspension 
polymerisation of one or more monoethyienicaiiy unsaturated monomers*. The polymer is preferably" insoluble as a 
result of a controlled addition of cross-linking agent to the monomer or monomer blend, which is preferably water solu- 
25 ble. 

The monoethyienicaiiy unsaturated material may be contaminated with a small amount of cross-linking agent and 
the amount of additional cross-linking agent that is added will therefore be selected having regard to this. Preferably the 
monoethyienicaiiy unsaturated material is as free of cross-linking agent as is commercially possible, for instance con- 
taining cross-linking agent in an amount that gives cross linking or chain branching less than is given by 1 ppmMBA (1 

30 part methylene bis acrylamide per million parts monomer). The amount of MBA that is added is generally at least 0.1 
or 0.2 ppm and below 100 ppm (based on monomer), generally 1 to 50 ppm. The precise amount will depend upon the 
polymerisation and other processing conditions. Instead of using MBA, cross-linking may be by equally effective 
amounts of other diethylenically unsaturated compounds such as ethylene glycol di-acrylate, diacrylamide, cyanometh- 
ylacrylate, vinyloxyethylacrylate or methacrylate and other means of cross linking, e.g., formaldehyde or glyoxal or 

35 metal salt addition. Preferably a water-soluble cross-linking agent is used. 

The degree of non-linearity can additionally be controlled by the inclusion of chain transfer agents in the polymeri- 
sation mixture. Their use, in combination with cross-linking agent, will tend to promote chain branching rather than 
cross linking. Amounts may vary widely. For instance 1,000 to 5,000 ppm (based on monomer) of a moderate chain 
transfer agent such as isopropylalcohol may be suitable whilst much lower amounts, typically 100 to 500 ppm, of more 

40 effective chain branching agents such as mercaptoethanol are useful. Often, however, adequate results are obtained 
by conducting polymerisation under conventional conditions, without deliberate addition of chain transfer agent, using 
commercially pure monoethyienicaiiy unsaturated monomer together with the specified amount of MBA or other cross- 
linking agent. 

The monoethyienicaiiy unsaturated monomers may consist of one or more ionic monomers or a blend of ionic and 
45 non-ionic monomers. The monomers can be allyl monomers but are generally vinyl, preferably acrylic. 

Suitable non-ionic monomers are acrylamide, methacrylamide, N-vinylmethylacetamide or formamide, vinyl ace- 
tate. or vinvl pvrrolidone. 

Suitable anionic monomers are sodium acrylate, methacrylate, itaconate, 2-acrylamido 2-methyf propane sulpho- 
nate, sulphopropyl acrylate or methacrylate or other water soluble forms of these or other polymerisable carboxylic or 
so sulphonic acids. Sulphomethylated acrylamide, allyl sulphonate or sodium vinyl sulphonate, may be used. 

Suitable cationic monomers are dialkylaminoalkyl acrylates and methacrylates, especially dialkylami no ethyl acr- 
ylate, and their quaternary or acid salts, and dialkylaminoalkylacrylamides or methacylamides and their quaternary or 
acid salts for instance methacrylamidopropyl trimethyl ammonium chloride and Mannich products, such as quaternised 
dialkylaminomethylacrylamides. Alkyl groups are generally C^alkyl. 
55 The polymerisation conditions are preferably such that the polymer has, rf uncross linked, a conventional ftocculant 
high molecular weight of 5 million to 30 million and an intrinsic viscosity of above 4, preferably above 6, e.g., up to 15 
or 20 dl/g. If the polymer is cross linked it is preferably polymerised such that it would have such molecular weight if it 
had been made in the absence of cross linking agent. However cross linking will reduce the IV but the shearing may 
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then cause the IV to increase, as explained below. The specific viscosity of the polymer, measured as defined above, 
is generally above 100, preferably above 500 and frequently above 1000. 

The particle size in the reverse phase polymerisation mixture may be controlled by the degree of shear applied to 
the monomers and by the possible presence of emulsifying agent Generally reverse phase emulsion or suspension 

5 polymerisation is utilised when the monomer or monomer blend is soluble in water. The aqueous monomer is emulsified 
into a suitable non-aqueous liquid, generally in the presence of a water in oil emulsifier, generally in an amount below 
the critical micell concentration. Emulsifiers, stabilisers, non-aqueous liquids and other reverse phase polymerisation 
materials and process details are described in, for instance, EP-A 0 126 528. The polymer particles may be dehydrated, 
for instance by subjecting the dispersion to azeotrophic distillation. 

ic The liquid product resulting from the reverse phase polymerisation is generally used as such, without separation of 
the polymer particles from it but if desired dried polymer particles may be separated from the dispersion in known man- 
ner. Because these dry particles will be very dusty they should preferably be formed into pellets that will disintegrate 
upon addition to water. 

The polymer-in-oil emulsion that results from reverse phase polymerisation may be added to water to form the 
is aqueous composition in the presence of oil-in-water emulsifier in conventional manner. However when the polymer is 
water-soluble it is preferred to make the addition in the absence of the emulsifier so that the rate of solution is slower. 
The reverse phase emulsion is preferably dehydrated. 

The polymerisation conditions are preferably such that the polymer particles resulting from the polymerisation have 
the desired controlled degree of solubility but it is possible to produce polymer particles that are too highly cross linked 
20 and then to subject this polymer to sufficient shear to restore it to a desired, controlled, degree of cross linking. This 
shear may be applied to the dispersion in which the polymer particles are formed or, preferably, to the aqueous homo- 
geneous composition. For instance when such a solution has short rheology the mixing may convert it to long rheology. 
These p roc G3G g 3 srs described in cur application EP-A 20 1 237 filed oven date herewith. 

When the polymeric material is cross linked and cationic, and in particular when it is a copolymer of acrylamide with 
25 at least 5%, and preferably at least 10%, by weight dialkylamino alkyl acrylate (generally as acid addition or quaternary 
ammonium salt) the degree of non-linearity is preferably such that the polymer has an ionic regain (IR) of at least 15%. 
IR is calculated as 

^x 100 

30 X 

x 100 where x is the ionicity measured after applying standard shear and y is the ionicity of the polymer before applying 
standard shear. 

35 These values are best determined by forming a 1 % composition of the polymer in deionised water, allowing this to 
age for 2 hours and then further diluting it to 0.1% active polymer. The ionicity of the polymer y is measured by Colloid 
Titration as described by Koch-Light Laboratories Limited in their publication 4/77 KLCD-1 . The ionicity after shear, x is 
determined by measuring by the same technique the ionicity of this solution after subjecting it to standard shear. 
The shear is best applied to 200 ml of the solution in a substantially cylindrical pot having a diameter of about 8 cm 

40 and provided in its base with a rotatable blade about 6 cm in diameter, one arm of the blade pointing upwards by about 
45 degrees and the other downwards by about 45 degrees. The blade is about 1 mm thick and is rotated at 1 6,500 rpm 
in the base of the pot for 10 minutes. These conditions are best provided by the use of a Moulinex homogeniser but 
other satisfactory conditions can be provided using kitchen blenders such as Kenwood, Hamilton Beach, lona or Osier - 
izer blenders or a Waring Blendor. 

45 In practice the precise conditions of shear are relatively unimportant since, provided the degree of shear is of the 
same order of magnitude as specified, it will be found that IR is not greatly affected by quite large changes in the 
amount, for instance the duratio n, of shear, whereas at lower amount of shear (for instance 1 minute at 16,500 rpm) IR 
is greatly attectea Dy smalt cnanges in shear, conveniently therefore tne value ot x is determined at the time when, with 
a high speed blade, further shear provides little or no further change in ionicity. This generally requires shearing fa 10 

5c minutes, but sometimes longer periods, e.g.. up to 30minutes with cooling, may be desired. 

It should be understood that the defined shear is not shear that is applied to the polymer solution or to the floccu- 
lated suspension during the flocculation process of the invention but is instead shear that is applied as an analytical 
technique to permit definition of the properties of the polymers that may be used in the invention. 

When using cross-linked polymeric material, polymers having IR of 15% have a relatively low degree of non-linear - 

55 ity whilst those having IR 90% have a high degree of non-linearity. It is generally preferred for I R to be below 80% pref- 
erably below 70%. and usually beiow 60%. If IR is too low the invention may give inadequate benefit compared to 
conventional polymers and preferably IR is above 20%. Best results are generally obtained at above 25%. preferably 30 
to 60%. 
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It is desirable for the intrinsic viscosity to be as high as possible but satisfactory values of IV reduce as the value of 
IR increases. Generally 

a 



where a is below 20 and is generally below 15 but is usally above 4. Generally a is in the range 6 to 14. Throughout this 
specification IV is measured at 25°C in 3M IMaCI according to the method described in Encyclopedia of Polymer Sci- 
re? ence & Technology, Editors Mark and Gaylord, published John Wiley & Sons, 1971, Volume 14 pages 717-740. 

if the polymer is cross-linked IV can be increased by the application of shear (as is also described in application 
EP-A 201 237) and the polymeric material is preferably one whose IV can be above 4, and preferably above 6, after the 
application of shear such as the standard shear described above. 

The aqueous composition of the polymeric material may be combined with the suspension that is to be flocculated 
15 by conventional methods of blending but, as described above, shear is generally applied sufficient to reduce floe size. 
The amount of polymer that has to be added for optimum floe stability is often greater than the amounts conven- 
tionally used with highly soluble polymeric flocculants, usually at least 10% and often at least 20% greater than the 
amount that would be required when using a conventional, highly water soluble, substantially linear polymer. Suitable 
doses are in the range 0.01 to 3% often 0.5 to 3% by weight polymer based on dry solids. 
20 The amount that is required for adequate floe stability can be found by routine experimentation and, for any partic- 
ular flocculation process, polymer type and degree of shear the amount of polymer will depend upon the degree of 
swelling or solution of the polymeric material, e.g. , the degree of cross-linking. Generally the optimum amount increases 
with increasing amounts of cross linking. 

A convenient way for determining the optimum floe stabilising amount is to determine the dose that gives maximum 
25 floe size when the polymeric material is sheared into the suspension and the suspension is left to settle. The optimum 
is the dosage that gives maximum floe size after shear and in the invention the dose that is applied is generally from 50 
to 150, preferably 70 to 1 10% of this optimum dose. 

A particularly preferred process according to the invention comprises providing a homogeneous dilute aqueous 
composition of a reverse phase polymerised, non film-forming, cross linked, acrylamide copolymer with dialkylami- 
30 noalkyl (meth) acrylate (as acid salt or quaternary salt) having a dry particle size below 1 0 \xm (preferably below 2 ^im), 
IR above 15 and IV * 

|V ,100JR 
a 

35 

where a is from 6 to 14, adding this composition to sewage sludge in an amount of 50 to 150% of the amount required 
for maximum floe size after shearing, subjecting the blended mixture to the shearing to reduce floe size substantially 
without increasing the amount of suspended solids, and dewatering the resultant aqueous medium on a centrifuge, pis- 
40 ton press or belt press. 

The following are some examples. 

The accompanying drawing is a graph of the results in Example 2. 

In every example the polymeric material had a specific viscosity well above 100 and a dry particle size below 2 ^m 
and an aqueous composition of the polymeric material gave a discontinuous, particulate film. 

45 

Example 1 

A ^crrVr™ r ~* cpg/ ?? r /'?. wwi f J ? inftL / ' " J, y r -j^ -- '[-•- — — ^...y. . M»»mn 

(DMAEA.MeCI) and having intrinsic viscosity to 10 dl/g was prepared by reverse phase polymerisation, to give a particle 

so size below 2 ^m, followed by azeotropic distillation. It was labelled Polymer AC and was provided as a 50% dispersion 
of polymer in oil. The monomers used were commercially pure monomers. Polymer BC was formed by the same 
method but in the presence of 10 ppmMBA, and had intrinsic viscosity 6.6 dl/g. 

Each dispersion was mixed with water and allowed to age. A chosen amount of the resultant aqueous composition 
was stirred with an activated sludge for 25 seconds using Triton WRC Standard Shear Test Stirrer and Timer Type 

55 133/131 fitted with a marine blade to give extra shear. This resulted in flocculation and in reduction of the floe size. 

The flocculated suspension was dewatered on a laboratory centrifuge consisting of a cylindrical solid bowl closed 
at its base and open at its top but with an inwardly extending lip around its periphery. The bowl ran at 2,000 rpm and 
was, at this speed, filled with water (400 ml). 400 ml of the flocculated sewage sludge was fed gradually into the bowl 
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while spinning. Some of the solid was trapped in the bowl whilst the remainder passed out in the overflow, as the cen- 
trate. Since the flocculated suspension is accelerated, in a very short period of time, to 2,000 rpm this centrifugal sys- 
tem of dewatering applies very high shear to the flocculated suspension. Best results are those wherein there is 
maximum retention of solids in the bowl, with least solids content in the centrilugate. 
5 The dose in g/m 3 and the suspended solids in the centrate (mg/1) when treated with each of the polymers AC and 
BC are shown in Table 1 a. 



Table 1a 



75 



20 



Dose 


AC 


BC 


20 


1148 


1400 


30 


1088 


660 


50 


667 


368 


60 


1863 


244 


70 


2227 


342 


80 


2670 


402 


100 


4627 


626 


120 


5372 


726 



25 The cationicity regain of the polymers was recorded for 10 minutes shearing, as in the definition of ionicrty regain 
given above, and also for 1 and 5 minutes shearing, and the values are shown in Table 1b. 



Table 1b 



Polymer 


Shearing Time 




1 min 


5 min 


10 min 


AC 


5% 


9% 


9% 


BC 


21% 


42% 


42% 



It is apparent that the optimum dose for linear polymer AC, having a regain of 9%, is at 50 g/m 3 whilst the optimum 
dose for non-linear polymer BC, having IR 42%, is at 60 g/m 3 but that polymer CB gives better results and its optimum 
results are obtained over a much wider range, 30 to about 120 g/m 3 , than is permissible with polymer AC, i.e., the non- 
40 linear polymer is less dose sensitive. 

Example 2 

Five polymers were prepared by the same general process as in Example 1 using the same monomers, but with 
45 differing amounts of MBA. The polymers, the amounts of MBA in ppm based on monomer, the intrinsic viscosity and 
the IR values are shown in Table 2. 



Table 2 



55 



Product 


MBA 


IV 


IR 


GC 


0 


14.1 


6.7 


HC 


2.5 


11.1 


17 


IC 


5.0 


10.2 


23 


JC 


10.0 


6.7 


42 


KC 


25.0 


3.4 


59 
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Solutions of the above products together with that of product AC were used to treat 100 ml samples of activated 
sludge over a dosage range. A visual assessment of floe size was carried out after the shearing in the Triton stirrer for 
25 seconds. Using a scale of 1-8 where 1 represents the largest and 8 the smallest floe the resutts of the assessment 
were plotted as shown in the attached graph. In this way the optimum dose for each product was obtained. 
5 Activated sludge samples were then treated at the optimum dose with each product 200 ml portions of the treated 

sludge were then fed through the centrifuge as in Example 1 , when the following results were obtained. 



Table 4 



Prods 


Optimum Dose (mg/l) 


Centrate Suspended 
Solids (mg/l) 


GC 


35 


824 


HC 


45 


660 


IC 


50 


612 


JC 


60 


190 


KC 


90 


60 



20 

This clearly demonstrates the improved results in high shear dewatering when using an increased (double) dosage 
of a polymer that is cross-linked to such an extent that IR is above about 30%. 

EAaffiule 3 

25 

A range of copolymers of 60 wt% DMAEA.MeCI and 40wt% acrylamide were prepared as 50%, dispersions in oil 
as in Example 1 using different amounts of MBA and commercially pure monomers. 

All products were evaluated on a raw mixed primary activated sewage sludge as aids to gravity and compression 
filtration. This involved first stirring the sludge with 0.1% w/v solutions of the copolymers at various doses, in order to 
30 optimise the dose by observing the influence of cross linking on floe size. Further samples of sludge were then treated 
at the optimum dose using periods of stirring, which represented different levels of shear and allowed for the optimum 
development of the floe. The stirring was by a Bosch electric drill unit fitted with a manne bladed stirrer. Dewatering was 
then carried out by allowing 180 seconds of free drainage, on a filter wire retained in a Buchner funnel, followed by 180 
seconds of drainage under compression. The filter cakes were weighed, dried and reweighed, in order to provide a 
35 measure of dry solids content. 

The results obtained were as in Table 3. 



Table 3 



Product 


MBA ppm 


Dose (mg/l) 


Stirring Time (seconds) 


Cake Solids (%) 


IR% 


LC 


0 


140 


15 


16.0 


14.2 


MC 


2 


200 


45 


17.1 


27.6 


NC 


4 


220 


45 


17.4 


38.0 


OC 


8 


300 


75 


20.0 


50.8 



Example 4 

so 

Products PC and QC were made in the same way, and from the monomer proportions as products GC and IC in 
Example 2. Additionally, a product RC was prepared at the same cationic monomer content but with 63 ppm MBA. 
These three additional copolymers were collected together with copolymers JC and KC of Example 2 to form a range 
which increased in ionicity regain and decreased in intrinsic viscosities as shown in Table 4a. 



55 
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Table 4a 



Product 


MBA (ppm) 


I.V. (dl/g) 


I.R. (%) 


PC 


0 


14.3 


0.5 


QC 


5.0 


8.4 


28.0 


JC 


10.0 


6.7 


42.0 


KC 


25.0 


3.8 


590 


RC 


63.0 




71.0 



The above products were evaluated in the laboratory on sewage sludges in order to determine the dose giving opti- 
mum technical performance, as described in Example 2. The chosen optimum amount was then mixed into 200 ml sew- 
age sludge in a 400 ml beaker using a Heidolph Type 741 .000 unit fitted with a turbine stirrer for 3 minutes on a number 
2 setting. The flocculated sludge was then dewatered, in simulation of belt pressing, using a piston press. This involved 
increasing the pressure through the cycle as shown in TabJe 4b. 



Table 4b 



Period of Pressing (min- 


Pressure (bar) 


utes) 




0-1 


0.7 


1-2 


1.4 


2-3 


2.1 


3-6 


2.8 



The process was conducted with two types of sewage. 

On completion of the pressing cycle the cakes were removed for dry solids determination. The results are shown 
in Table 4c. 



Table 4c 



Sludge Type 


Product 


Dose (mg/l) 


Cake Solid (%) 


Digested primary/activated 


PC 


250 


24.8 




QC 


325 


27.6 




JC 


375 


27.1 




KC 


650 


28.1 




RC 


1000 


27.7 


As above but containing 1 . OM of added NaCI 


PC 

rr 


40 

60 


19.9 

20^S 




JC 


80 


23.8 




KC 


150 


26.3 




RC 


275 


29.6 



As can be seen from the above results the trend is one of increasing optimum dose and cake solids as the MBA 
content is increased. 
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Example 5 

Tests were carried out in simulation of belt pressing as described in example 4 using products PC and JC of Table 
4a at doses equal to the optimum and also doses above and below it. Shear was applied by pouring the flocculated 
sludge 10 times from one beaker to another. The digested primary/activated sludge used as test substrate was from an 
alternative source to that of example 4. 



Tables 



Product 


Dose (mg/I) 


Cake Solids (%) 


PC 


125 


10.1 


PC 


150 


11.0 


PC 


175 


10.8 


JC 


300 


13.4 


JC 


325 


14.2 


JC 


350 


13.4 



The results demonstrate how the order of cake solids varies about the optimum dose. 
Exampie 6 

Tests were carried out in simulation of high pressure filtration (fitter pressing). This involved dewatering a raw pri- 
mary/activated sludge, on the laboratory piston press at pressures of up to 7 bar. As in the previous example, products 
PC and JC were evaluated at doses equal to and above and below the previously determined optimum, after shearing 
the flocculated suspension by pouring from one beaker to another 15 times. 

Results were as shown in Table 6. 



Table 6 



Product 


Dose (mg/I) 


Cake Solids (%) 


PC 


100 


14.7 


PC 


125 


15.1 


PC 


150 


13.8 


JC 


225 


15.9 


JC 


250 


16.4 


JC 


275 


16.1 



Once again the results demonstrate how the order of cake solids varies about the optimum dose. 

Example 7 _ _ . 

Three copolymers having ratios of 80 wt% DMAEA MeCI to 20 wt% acrylamide were prepared as reverse phase 
suspension polymerisation dispersions. The three products contained 0, 4 and 8 ppm of MBA on wt of monomer and 
were identified as SC, TC, UC. Portions of products SC and UC were mixed together to provide 50:50 and 75:25 blends 
respectively (SC:UC). 

The two blends and the original samples were each added to a digested Primary/ Activated sewage sludge over a 
dosage range and the flocculated product stirred for 25 seconds on the Triton mixer of Example 1 . A visual assesse- 
ment of floe size served to indicate the optimum dose for each treatment. 

Further sludge samples, treated at the optimum dose of each product and blend were evaluated on the laboratory 
centrifuge as described in Example 1 after vigorous stirring of the flocculated aqueous medium with the Triton mixer. 
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Details of the products and results obtained were as in Table 7. 



Table 7 



Product 


M.B.A (ppm) 


lonicity Regain (%) 


Optimum Dose (g/m 3 ) 


Centrate Solids (mg/l) 


SC 


0 


10.0 


100 


2272 


TC 


4 


26.5 


150 


1080 


uc 


8 


52.2 


225 


340 


SC:llC-50:50 


(4) 


34.4 


125 


1236 


SC:UC-25:75 


(2) 


22.5 


125 


1846 



is It will be observed that the enhanced performance provided by cross linked flocculants can be obtained by blending 
linear and cross linking flocculants to intermediate levels of cross linking. 

Example 8 

20 A similar exercise to that described in the previous example was carried out on copolymers having 60:40 wt% 
DMAEA MeCI:Acrylamide composition. Details of the products and results obtained are given in Table 8. 



Table 3 



Product 


M.B.A (ppm) 


lonicity Regain (%)6 


Optimum Dose (g/m 3 ) 


Centrate Solids (mg/l) 


VC 


0 


14.2 


100 


1856 


WC 


2 


27.6 


150 


1378 


XC 


4 


38.0 


175 


398 


YC 


8 


50.9 


225 


274 


50:50:VC YC 


(4) 


33.2 


150 


534 


75:25:VC:YC 


(2) 


25.3 


150 


1416 



Example 9 

Settlement tests were carried out to compare product AC of Example 1 and product KC of Example 2 in regard to 
40 their ability to flocculate Raney copper catalyst. 

In carrying out these tests, 0.05% wt/v solutions of f locculant were added to 500 ml portions of 5% w/v Raney cop- 
per slurry in deionised, de-oxygenated water at room temperature. These were placed in a cylinder inverter arid sub- 
jected to inversion to promote mixing after addition of the f locculant solution. Subsequent inversions couid be carried 
out, following those required for mixing, in order to test the floe strength. The quality of the floe formed was, at all stages, 
45 measured in terms of the settlement rate of the flocculated slurry, since large floes invariably produce faster rates of set- 
tlement. Settlement rate was measured as the time required to produce a visible mud-line in the flocculated slurry. 
Tests were first carried out to determine the optimum dose of f locculant with the results shown in Table 1 1a. 



Table 11a 



Flocculant Dose (mg/l) 


Settlement Time (seconds) 




Product AC 


Product KC 


0 


54.8 


54.8 


1 


25.1 


41.8 


10 


10.4 


7.8 
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Table 11a (continued) 



Flocculant Dose (mg/l) 


Settlement Time (seconds) 




Product AC 


Product KC 


20 


6.5 


3.0 


30 


47 


1.6 


40 


5.4 


1.0 


50 


45 


1.7 


60 


46 


1.5 


70 


4.6 


15 


80 


10.6 


14 


90 


15.4 


1 9 


l UU 


20.7 


12 


140 




17 


180 




1 8 


220 




1 4 


260 




2 1 


300 




1.6 


340 




1.7 



From the above it can be seen that the optimum dose for each product is 30 mg/l. It is, however, apparent that the 
overdosing effect observed for product AC is not apparent with product KC. 

Further samples were treated at the optimum dose level and subjected to inversions with settlement time being 
measured for each of the flocculated suspensions after equal numbers of inversions. 

Results were as shown in Table 1 1b. 



Table 11b 



Number of Inversions 


Settlement time (seconds) 




Product AC 


Product KC 


3 


6.3 


1.7 


6 


6.5 


13 


9 


60 


09 


12 


6.7 


1 2 


15 


7.8 


1.0 


18 


8.1 


11 


21 


8.8 


1 1 


24 


10 5 


09 


27 


11 3 


09 


30 


126 


1 4 


33 


144 


1 3 


36 


159 


1 3 


39 


173 


1.7 


42 


189 


1.3 
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Table 11b (continued) 



Number of Inversions 


Settlement time (seconds) 




Prnrinrt Af! 


Produrt KC 


45 


208 


12 


60 




1 5 


90 




17 


111 




1 6 


141 




20 


171 




22 


186 




2.4 



15 

From the resuits it can be seen that Raney copper catalyst treated with product KC manifests an significantly more 
stable floe than that treated with product AC. The flocculated catalyst gave substantially the same yield of acrylamide, 
when used in a conventional process for the hydrolysis of acrylonitrile, as the corresponding unf locculated catalyst but 
20 gave much easier separation of the reaction liquor from the catalyst. 

Example 10 

A range of anionic copolymers, having composition 40 wt% sodium acrylate, 60 wt% acrylamide, were prepared 
25 from monomer mix containing different amounts of methylene bis acrylamide, by reverse phase suspension polymeri- 
sation. The degree of structure incorporated into each copolymer increased in proportion to the amount of MBA in the 
monomer as indicated by depression of the intrinsic viscosity. 

The above products were evaluated on coal fines in simulation of dewatering by belt filtration. This involved treating 
400 cm 3 portions of the coal fines with a solution of the flocculant followed by stirring for 120 seconds to apply shear 
30 and induce f locculation. The stirring was by a Heidolph stirrer on setting 2 using a gate stirrer in a 600 cm 3 beaker. The 
flocculated fines were then transferred to the belt press simulator and dewatered under the influence of pressure which 
was gradually increased to 1.6 bar. On completion of the dewatering cycle the cake was removed for dry solids deter- 
mination and calculation of the yield. 

The MBA content, IV, results for cake solids and yield at the optimum dose established for each product are shown 
35 in Table 12. 



Table 12 



40 



Product 


MBA content (ppm of 
polymer) 


I.V. (dl/g) 


Dose (mg/l) 


Cake Solids (%) 


Yield (%) 


AA 


0 


18.5 


100 


61 5 


85.2 


BA 


2.71 


14.3 


150 


600 


85.8 


CA 


6.76 


11.3 


400 


608 


90.0 


DA 


13.53 


6.6 


500 


578 


86.6 


EA 


20.29 


5.5 


500 


59 8 


92.6 


FA 


27.06 


2 7 


800 


59 8 


92.4 


GA 


40.53 


3 1 


1200 


586 


93 7 


HA 


67.60 




1600 


59 1 


89.4 


IA 


135.30 




1600 


597 


84.9 



55 

It can be seen that as the degree of cross linking increases the general trend is for improvement in yield. Products 
HA and IA demonstrate decreasing yield either because they are too cross linked to be effective or the optimum dose 
has not been attained. 
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Example 1 1 

Products AA. CA. E A and GA of Example 1 0 were used to treat coal tailings over a range of doses and the floccu- 
lated suspension was tested on the centrifuge as described in Example 1 . The dose, in mg/l, at which optimum centrate 
5 quality was obtained and the suspended solids in the centrate (%) are shown below; each result being the average of 
two tests, one employing 30 seconds of mixing, the other 120 seconds mixing to induce fbcculation. The mixing was 
as in Example 12. 



10 



Polymer 


Optimum Dose (mg/l) 


Suspended Solids in 
Centrate (%) 


A.A. 


113 


1.38 


A.C. 


163 


0.78 


A.E. 


250 


0.55 


A.G. 


550 


0.42 



20 

It can be seen that as the degree of structure in the polymer is increased (as indicated by the depressed I V.) the 
optimum dose and effectiveness increase. 

Example 12 

25 

An emulsion in oil of polymeric paces below 2 in size is made by reverse phase polymerisation of a Wend of 
40% acrylamide and 60% MeCI diethylaminoethyl acrylate and methylene bis acrylamide in an amount sufficient to 
raise IR from near zero to between 35 and 40. 

The emulsion is added to water with stirring and allowed to age to provide a stable composition. 
30 The composition is then added at a polymer dose of about 6 kg/t total solids to an aqueous suspension that is flow- 
ing towards a commercial sewage dewatering centrifuge, the treated suspension is sheared in a Inline Mixer to reduce 
floe size without redispersing discrete solids, and the sheared product is then dewatered in the centrifuge. The solids 
content of the centrate is typically below 0.2% (0% is ideal) and the degree of separation is above 98% (1 00% is ideal). 
When the process is repeated using uncross linked polymer, the corresponding values are typically above 1% and 
35 below 75%. 

Claims 

1 . A process in which an aqueous suspension of suspended solids is flocculated by adding a synthetic ionic polymeric 
40 material to form an aqueous medium containing flocculated suspended solids characterised in that the synthetic 
polymeric material has intrinsic viscosity above 4 dl/g and is added to the aqueous suspension while the polymeric 
material is in the form of a dilute aqueous composition in which the polymeric material is in full equilibrium with the 
water and has a specific viscosity (measured by a capillary viscometer at 34°C on 0.5% solution deionised water) 
above 10 and comprises crossJinked, water swellable, water insoluble polymeric particles formed by reverse phase 
45 polymerisation of a monomer or monomer blend that is soluble in water and wherein the particles have a dry size 
of below lO^m, the polymeric material is added in a floe stabilising amount, and the flocculated solids are subjected 
to shear in the presence of the aqueous medium substantially without increasing the amount of suspended solids 
in thpflquftniis medium _ — 

so 2. A process according to claim 1 in which the flocculated solids are subjected to shear by shearing the aqueous 
medium containing them. 

3. A process according to claim 2 in which the shearing reduces the floe size of the flocculated solids and the aqueous 
medium is then dewatered. 

55 

4. A process according to any preceding claim in which the crosslinked particles have been formed by polymerisation 
in the presence of added cross-linking agent of a monomer or monomer blend that is soluble in the aqueous com- 
position. 
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5. A process according to claim 4 in which the cross linking agent is a diethylenically unsaturated monomer and the 
amount of cross linking agent is from 1 to 50ppm based on the polymerisable monomers. 

6. A process according to any preceding claim in which the polymeric material has IR greater than 15% (preferably 
25 to 70%) and is cationic 

7. A process according to any preceding claim in which the polymeric material is a copolymer of acrylamide with at 
least 5 mole percent dialkylaminoalkyl acrylate (including acid addition and quaternary ammonium safe thereof). 

8. A process according to any preceding claim in which the flocculated solids are separated from the aqueous 
medium by dewatering on a centrifuge. 

9. A process according to claim 2 in which the flocculated solids are continuously kept in suspension by agitation of 
the aqueous medium. 

1 0. A process according to claim 9 in which the flocculated solids are catalyst (preferably copper catalyst) particles and 
the aqueous medium is a chemical reaction medium, preferably an acrylonrtrile hydrolysis reaction medium. 

1 1 . A process according to any of claims 1 to 7 in which the flocculated solids are separated from the aqueous medium 
by dewatering on a piston press or belt press. 

12. A process according to claim 5 in which the polymer has intrinsic viscosity of where a is from 6 to 14. 

13. A process according to claim 1 and which comprises providing a homogeneous dilute aqueous composition of a 
reverse phase polymerised, non film-forming, acrylamide copolymer with dialkylaminoalkyl (meth) acrylate acid 
salt or quaternary salt having a dry particle size below 2jim, IR above 15 and 

|y _ 100-IR 



where a is from 6 to 14, adding this composition to sewage sludge in an amount of 50 to 150% of the amount 
required for maximum floe size after shearing, subjecting the blended mixture to the shearing to reduce floe size 
substantially without increasing the amount of discrete suspended solids, and dewatering the resultant aqueous 
medium on a centrifuge, piston press or belt press. 

Patentanspruche 

1 . Verfahren, bei dem eine w&Brige Suspension aus suspendierten Feststoffen durch Zugabe eines syrrthetischen 
ionischen polymeren Materials unter Bitdung eines ausgeflockte suspendierte Feststoffe enthaltenden waBrigen 
Mediums ausgef lockt wird, dadurch gekennzeichnet, daB das synthetische polymere Material eine Grenzviskositat 
uber 4 dl/g hat und zu der waBrigen Suspension gegeben wird, wahrend das polymere Material in Form einer ver- 
dunnten waBrigen Zusammensetzung vorliegt, in der sich das polymere Material vollstandig im Gleichgewicht mit 
dem Wasser befindet und eine spezrfische Viskositat (gemessen mit einem Kapillarviskosimeter bei 34°C an einer 
0,5%-igen Losung in deionisiertem Wasser) Qber 10 hat und vernetzte, wasserquellbare, wasserunldsliche Poly- 
merteilchen enthalt, die durch Umkehrphasenpolymerisation eines Monomers Oder Monomergemisches, das in 
Wasser loslich ist, hergestellt wurden, welche Teilchen in trockenem Zustand eine GrOBe unter 10 \im haben, daB 
fa s p^l ymflrR Mafprial in fiin p r flnrkpn^tghiliciororvHon Manna T.inanahan wirri und rtin ni irnnflnrtrtnn Snrtrtnffn 
praktisch ohne die Menge an suspendierten Feststoffen in dem waBrigen Medium zu erhohen, in Gegenwart des 
waBrigen Mediums einer Scherung unterworfen werden. 

2. Verfahren nach Anspruch 1, bei dem die ausgef lockten Feststoffe einer Scherung unterworfen werden, indem das 
diese enthaltende waBrige Medium geschert wird. 

3. Verfahren nach Anspruch 2, bei dem die Scherung die FlockengroBe der ausgeftockten Feststoffe verringert und 
das waBrige Medium dann entwassert wird. 

4. Verfahren nach irgendeinem der vorhergehenden Anspruche, bei dem die vernetzten Teilchen durch Polymerisa- 
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tion eines Monomers Oder Monomergemisches, das in der waGrigen Zusammensetzung loslich ist, in Gegenwart 
eines zugegebenen Vernetzungsmittels gebildet werden. 

5. Verfahren nach Anspruch 4, bei dem das Vernetzungsmrttel em diethylenisch ungesattigtes Monomer ist und die 
5 Menge an Vernetzungsmrttel 1 bis 50 pom, bezogen auf die polymerisierbaren Monomeren, betragt. 

6. Verfahren nach irgendeinem der vorhergehenden AnsprOche, bei dem das polymere Material einen IR-Wert von 
groBer als 15% (vorzugsweise 25 bis 70%) aufweist und kationisch ist. 

10 7. Verfahren nach irgendeinem der vorhergehenden Anspruche, bei dem das polymere Material ein Copolymer von 
Acrylamid mit mindestens 5 Molprozent Dialkylammoalkylacrylat (Saureadditions- und quaternare Ammonium- 
salze davon eingeschlossen) ist 

8. Verfahren nach irgendeinem der vorhergehenden Anspruche, bei dem die ausgeflockten Feststoffe von dem waB- 
is rigen Medium durch Entwasserung in einer Zentrrfuge abgetrennt werden. 

9. Verfahren nach Anspruch 2, bei dem die ausgeflockten Feststoffe durch Ruhren des waBrigen Mediums kontinu- 
ierlich in Suspension gehalten werden. 

20 10. Verfahren nach Anspruch 9, bei dem die ausgeflockten Feststoffe KataJyatorteilchen (vorzugsweise Kupfer-Kataly- 
satorteilchen) sind und das waGrige Medium ein chemisches Reaktionsmedium, vorzugsweise ein Acrylnitrtl- 
Hydrolysereaktionsmedium, ist. 

H. Verfahren nach irgendeinem der Anspruche i bis 7, Dei dem die ausgeflockten Feststoffe von dem waBrigen 
25 Medium durch Entwasserung in einer Kolbenpresse Oder Bandpresse abgetrennt werden. 

12. Verfahren nach Anspruch 5, bei dem das Polymer eine Grenzviskositat von 

100-IR 



hat, wobei a 6 bis 14 ist. 

35 1 3. Verfahren nach Anspruch 1 , bei dem eine homogene verdiinnte waGrige Zusammensetzung eines durch Umkehr- 
phasenpolymerisation gebildeten, nicht-filmbildenden Acrylamid -Copolymers mit einem Dialkylaminoal- 
kyl(meth)acrylsauresalz oder quaternaren Salz mit einer TrockenteilchengroBe unter 2 um, einem IR-Wert uber 15 
und einer 

40 _ 100-IR 

Grenzviskositat , 



wobei a 6 bis 14 ist, bereitgestellt wird, diese Zusammensetzung zu Kiarschlamm in einer Menge von 50 bis 150% 
der Menge, die fur eine maximale FlockengroBe nach der Scherung erforderlich ist, gegeben wird, das vermengte 
Gemisch, praktisch ohne die Menge an diskreten suspendierten Feststoffen zu erhohen, zur Verringerung der 
FlockengroBe geschert und das sich ergebende waBrige Medium in einer Zentrifuge, Kolbenpresse oder Band- 
presse entwassert wind. — 



50 Revendications 



Procede dans lequel une suspension aqueuse de solides en suspension est floculee par addition d'un matiere 
polymere ionique synthetique pour former un milieu aqueux contenant des solides ftocules, et le procede se carac- 
terise en ce que la matiere polymere synthetique a une viscosite intrinseque superieure k 4 dl/g et est ajoutee a la 
suspension aqueuse tandis que la matiere polymere est sous forme d une composition aqueuse diluee dans 
laquelle la matiere polymere est en equiltbre total avec I'eau et possede une viscosite specif ique superieure a 10 
(generalement superieure a 100), et comprend des particules polymeres reticulees insolubles dans I'eau, gonfla- 
bles dans I'eau, formees par polymerisation avec inversion de phase d'un monomere au melange de monomeres 
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qui est soluble dans I'eau el ou les particules ont une taille a sec de moinsde 10 ^m, la matiere polymere est ajou- 
tee en une quantite stabilisant les flocons, et les solides flocules sont soumis a cisaillement en presence du milieu 
aqueux pratiquement sans augmentation de la quantite de solides en suspension, separes, dans le milieu aqueux. 

5 2. Procede selon la revendication 1 , dans lequel les solides flocules sont soumis au cisaillement par cisaillement du 
milieu aqueux les contenant. 

3. Procede selon la revendication 2, dans lequel le cisaillement reduit la dimension des flocons des solides flocules 
et le milieu aqueux est ensuite soumis a enlevement de I'eau. 

10 

4. Precede selon I une queiconque des revendications precedentes, dans lequel les particules reticulees ont ete for- 
mees par polymerisation, en presence d un agent reticulant ajoute, d'un monomere ou melange de monomeres qui 
est soluble dans la composition aqueuse. 

is 5. Procede selon la revendication 4, dans lequel I'agent reticulant est un monomere a insaturation diethylenique et la 
quantite d'agent reticulant est de 1 a 50 ppm par rapport aux monomeres polymerisables. 

6. Procede selon Tune queiconque des revendications precedentes, dans lequel la matiere polymere a une Rl supe- 
rieure a 15 % (de preference de 25 a 70 %) et est cationique. 

20 

7. Procede selon Tune queiconque des revendications precedentes, dans lequel la matiere polymere est un copoly- 
mere d'acryiamide avec au moins 5 mol% d'acrylate de diaikylaminoalkyle (y compris I'addition d'acide et ses sels 
d'ammonium quaternaire). 

25 8. Precede selon Tune queiconque des revendications precedentes, dans lequel les solides flocules sont separes du 
milieu aqueux par enlevement d'eau dans une centrifuge use. 

9. Procede selon la revendication 2, dans lequel les solides flocules sont maintenus en suspension de maniere con- 
tinue par agitation du milieu aqueux. 

30 

1 0. Procede selon la revendication 9, dans lequel les solides flocules sont des particules de catalyseur (de preference 
un catalyseur au cuivre) et le milieu aqueux est un milieu de reaction chimique, de preference un milieu de reaction 
d'hydrolyse d'acrylonitrile. 

35 11. Precede selon Tune queiconque des revendications 1 a 7, dans lequel les solides flocules sont separes du milieu 
aqueux par enlevement d'eau dans une presse a piston ou une presse a courroie. 

12. Precede selon la revendication 5, dans lequel le polymere a une viscosrte intrinseque de 

40 100-RI 

a 

dans laquelle a vaut de 6 a 14. 

45 

13. Precede selon la revendication 1 et qui comprend la fourniture d'une composition aqueuse diluee homogene d'un 
copolymere non filmogene, obtenu par polymerisation a inversion de phase, d'acryiamide avec un sel d'acide ou 

un sel quaternaire de (meth)acrvlate de dialkvlaminoalkv i p avant imp taiiiP Hp twtimlPfi a ppt Hp trains Ha ? Mm 

une Rl de plusde 15 et une V.I. egale a 

50 

100-RI 
a 



55 ou a est de 6 a 1 4, I'addition de cette composition a des boues de curage en quantite de 50 a 1 50 % de la quantite 
necessaire pour la dimension maximale des flocons apres cisaillement, la soumission du melange agrte au cisaille- 
ment pour reduire la dimension des flocons pratiquement sans augmerrter la quantite de solides en suspension dis- 
tincts et I'enlevement d'eau du milieu aqueux resultant dans une centrifugeuse, une presse a piston ou une presse 
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